Study aim: The aim of this study was to investigate the reliability of the electromyographic activity of selected shoulder girdle muscles during the overhead volleyball throw.
Introduction
Electromyography (EMG) is a commonly used and valid tool for study of the characteristics of muscle activities [8] . It has been used as a quantitative instrument to study muscle activity patterns in shoulder rehabilitation [14] as well as to analyze shoulder muscle activity [13, 14, 17] , activation onset time [18, 27] and coordination [9, 14, 15] during sport activities in both healthy and injured shoulders [11, 17] .
After several years of heavy training, the risk of shoulder injuries may increase in overhead thrower athletes [6] . Shoulder instability is one of the most common injuries and can lead to other secondary pathologies over time [4, 6, 19] , and thus, put the health and career of the athlete in danger.
Increasing the activity and coordination of muscles responsible for the functional stability of the shoulder joint may lead to injury prevention by maintaining the humeral head in the glenoid fossa [20, 28] . In case of instability, rotator cuff muscles, which are the main parts of core muscles of the shoulder girdle, have the most significant role in stabilizing the shoulder joint [2, 11, 22] . Therefore, it is important to observe and trace their function in high risk activities such as an overhead volleyball serve or spike.
Although many studies have been conducted to examine muscle activity in a thrower's shoulders using dynamic EMG [2, 10, 16, 22, 23] , few of them have focused on shoulder muscle activity during functional tasks which are more similar to the sport activity [14, 15, 17, 18, 26] . Illyés and Kiss (2009) have reported the activity and coordination of shoulder muscles in professional javelin throwers during overhead throw of a tennis ball [2, 10, 14, 22] . Although they used and suggested a newly introduced demonstrating parameter of muscle coordination, they did not report the reliability of EMG recordings during the task. Kelly and colleagues (2002) have also studied shoulder muscles EMG during the functional football throw in professional players. They reported little variation in EMG activation between subjects during the phases of throw motion, but still, they indicated no information about the reliability of EMG. Amongst the few studies that have reported the reliability of EMG of shoulder muscles, a lack of functional tasks is also represented [1, 21, 29] . Andersen and colleagues (2014) have investigated between-day reliability of root mean square (RMS) of EMG signals in activity of upper trapezius and anterior deltoid muscles in static conditions (isometric submaximal contractions during flexion 45º/90º, abduction 45º/115º, and internal/external rotation) and obtained acceptable reliability (ICC = 0.82-0.92) and proper limits of agreement with near to zero mean difference of the measurements (mean difference = 0.25-0.70), but these results are limited only to these isometric tasks. Ludewig and Cook (2000) reported moderate to high (ICC = 0.73-0.90) reliability of measuring RMS activity of upper trapezius, lower trapezius and serratus anterior muscles in scaption movement after 2 days. In a similar study, Seitz and Uhl (2012) investigated the within-day and between-day reliability of RMS activity of anterior deltoid, upper trapezius, lower trapezius and serratus anterior muscles in scaption movement. They obtained higher within-day reliability (ICC = 0.96-0.99; SEM = 1.0-2.0; MDC = 1.3-2.9) compared to between-day reliability (ICC=0.59-0.86; SEM = 2.3-8.3; MDC = 3.2-11.7). In both studies the movement was performed with the speed of one repetition every 4 seconds, which is far slower than the rapid arm movement in volleyball spikes or serves.
Although there are differences between laboratory conditions and match conditions, the overhead test is suggested as a valid functional test in volleyball, which has higher similarity to the athletic performance than the isolated-joint conditions [24] , and despite some previous reports of the amount of muscle activity during the spike and overhead serve [26] , there is a lack of evidence regarding the reliability of EMG recordings during these tasks so far. To the knowledge of the authors of the present study, no published evidence has been found regarding the EMG assessment of the shoulder during the volleyball throw. Development of a reliable functional task for recording EMG characteristics of shoulder girdle muscles would benefit many aspects of athletic training, rehabilitation and examination of the players. The purpose of this study was, therefore, to investigate the reliability of the EMG activity and coordination of selected shoulder girdle muscles during the overhead volleyball throw.
Materials and methods

Subjects
A relatively homogeneous study group, consisting of 15 female healthy university level volleyball players (wing spikers), was recruited for this study. Exclusion criteria included any history of shoulder pain, current upperextremity injury, and recent (6 months) back and/or neck injury. All participants signed a written informed consent form before participating in the study. The study protocol on human subjects was approved by the ethical review board of the University of Tehran. Sample size estimation indicated that with intra-rater intraclass correlation coefficients (ICCs) that exceeded 0.7, an alpha level of 5%, a power of 80%, and an effect size of 0.5, 15 subjects were required [7] . Demographic characteristics of subjects are shown in Table 1 .
Electromyography
The Megawin (ME6000-T16 Mega Electronics, Kuopio, Finland) System Biomonitor (10 times pre-amplified cables; gain = 1000) and Software "Megawin" version 3.1-b10 were used to record and conduct a band-pass filter (20-500 Hz) of the EMG signal with a 1000 Hz sampling rate. The skin was prepared by shaving then lightly abraded with fine sandpaper and cleaned with 70% isopropyl alcohol to minimize impedance. Self-adhesive Ag/AgCl bipolar, dual surface electrodes (AQUA-TAC SKINTACT ECG Electrodes) were placed over the preparation sites in line with the muscle fibers. The electrodes were 0.0032 × 0.0041 m with an inter-electrode distance of 0.03 m. The same investigator attached all electrodes. Electrode placements and the absence of noticeable cross- talk were confirmed by evaluating the activity of each muscle with manual muscle tests [12] . Once EMG electrode placements had been confirmed, the sensors and leads were secured with adhesive tape to minimize movement artifacts. A biaxial electrogoniometer was also attached to the posterior surface of the shoulder (in 90º abduction and 0º rotation of the shoulder) in order to detect the initial acceleration phase of the throw [26] . The EMG data were collected from ten muscles -supraspinatus (SS), infraspinatus (IS), upper trapezius (UT), lower trapezius (LT), pectoralis major (PM), serratus anterior (SA), anterior deltoid (AD), posterior deltoid (PD), biceps brachii (BB) and triceps brachii (TB) -of each subject's dominant shoulder. The dominant shoulder was defined as the shoulder which is always used for spike in volleyball and was used for EMG data collection for each person.
The EMG electrodes were placed over the measured midpoint of the muscle belly using CRAM's instructions for electrode placement [8] . The electrode placements were as follows ( Fig. 1 ): SS was located directly above the spine of the scapula, over the suprascapular fossa. IS was located parallel to and approximately 4 cm below the spine of the scapula, on the lateral aspect, over the infrascapular fossa. UT was located along the ridge of the shoulder, slightly lateral to and one-half the distance between the cervical spine at C-7 and the acromion. LT was located in the interscapular region at an oblique angle, approximately 5 cm down from the scapular spine next to the medial edge of the scapula at a 55-degree oblique angle. PM was located horizontally on the chest wall and 2 cm medial to the anterior axillary fold (for the sternal portion of the muscle). SA was located horizontally just below the axillary area, at the level of the inferior tip of the scapula, and just medial to the latissimus dorsi border. AD was located on the anterior aspect of the arm, approximately 4 cm below the clavicle, parallel to the muscle fibers. PD was also located approximately 2 cm below the lateral border of the spine of the scapula and angled at an oblique angle toward the arm. BB was located at the center of the muscle mass in the middle anterior aspect of the upper arm. TB was also located 2 cm medial from the midline of the arm, approximately 50% of the distance between the acromion and the olecranon.
Procedure
Subjects performed a rapid standing volleyball throw of a volleyball which was hung from the ceiling. The height of the ball was adjusted according to the height of the subject's dominant hand palm in a standing position with 180º shoulder flexion and full elbow extension. Subjects stood with their dominant shoulder just under the ball. The place of the feet was marked on the ground. Subjects were asked to hit the ball in a forward direction as fast as they could, in the position that was natural for them with the technique they wished [14] . Each measurement consisted of five trials which were paced using a metronome. They were instructed not to change the position of their feet or their head during the measurement and to relax their muscles during the gap between the trials. The investigator monitored the EMG data acquisition online for detecting baseline noise or motion artifacts. Three out of these five trials were used for further analysis. After the electrode placement, the subjects performed a five-minute local and global warm-up. After warm-up and familiarization with the test, the first measurement was recorded. After approximately 1 hour, the second measurement was performed for calculating the within-day reliability. The electrodes remained on the skin only for the second measurement. A third measurement was also performed 1 week later for calculating the between-day reliability. In the second and third measurements both the investigator and the subject were blind to the results of previous measurements.
Data reduction
All signal processing was carried out using MATLAB software (The MathWorks Inc., Natick, Massachusetts, USA). The beginning and the end of the motion cycle were calculated for each trial. The beginning moment was considered the beginning of the acceleration phase, which was recorded using an electrogoniometer, and the end of the cycle was considered the maximum of the offsets of muscles [14, 15, 17] . The offset time of muscles was considered the moment that muscle activity amplitude stayed for more than 25 ms lower than the amount of mean baseline noise plus 3 times the standard deviation of the baseline activity [2, 18, 27] . The mean and standard deviation of the baseline activity were calculated during a window of 200 ms of relaxed position observed prior to the trial. The RMS values of EMG signals were calculated for consecutive segments of 25 ms during the motion cycle after conducting an order 10 low-pass digital filter with normalized cutoff frequency 0.1. In order to allow comparisons of the activity in specific muscles and the activity in specific muscles among different measures and individuals, the EMG was normalized. RMS normalized values were calculated for each muscle as a percentage of the peak value observed in the cycle [2, 5, 22] .
Time broadness is the time elapsed (in percent) of the motion cycle between the peak of the first muscle to reach maximal activity and the peak of the last muscle to reach maximal activity. Time broadness can describe to what extent the muscles are involved in producing a motion simultaneously during a motion cycle. Time broadness provides indirect information on muscle coordination [14, 15] . Using MATLAB software, the relative time of each muscle's peak value was calculated and the duration between first and last recorded peak value for all 10 muscles was normalized to the motion cycle (in percent) and considered as the time broadness.
Statistical analysis
The 1-sample K-S statistical test was used for data normality distribution testing. Intraclass correlation coefficients (ICC) were used to assess within-day (between the first and second measurements) and between-day (between the first and third measurements) reliability of measuring muscle activities (normalized RMS) and the time broadness among peak muscle activities. We considered the reliability coefficient values of 0.80 to 1.00 to indicate high, 0.60 to 0.80 to indicate moderate, and less than 0.59 to indicate questionable reliability, as was previously recommended [25] . The standard error of measurements (SEM) as an absolute index of reliability was also calculated using SD and ICC [30] . The SEM can be used to determine the minimum difference (MD) to be considered 'real' [30] . The formulas used for SEM and MD are shown in equation (1) and (2), respectively. Once the MD is calculated, then any change in a subject's score, either above or below the previous score, greater than the MD is considered real. More precisely, for all people whose differences on repeated testing are greater than or equal to the MD, 95% of them would reflect real differences [30] .
As has been suggested by Bland and Altman (2010), a high correlation does not mean that the two sets of data agree, as correlation measures the strength of a relation between two sets of data, not the agreement between them [3] . Therefore, an additional method, as described by Bland and Altman (2010) , was used to demonstrate how closely the measurements agree on different occasions. They recommended use of the 95% confidence interval (95% CI) of the range of differences (limits of agreement) between the two measurements. In order to calculate the limits of agreement, the mean differences of each pair of measurements and the standard deviation were calculated. According to these researchers the mean difference of the measurements, as a measure of absolute agreement, should have a value near to zero and the limits of agreement lie two standard deviations below and above the mean difference, inside which 95% of the differences should be [3] .
Results
The mean and standard deviation of the EMG normalized RMS average of the activity of 10 muscles and normalized time broadness of the muscle activities recorded from three measurements are reported in Table 2 . The ICC values, SEM, MD and the mean difference of the measurements for within-day and between-day reliability are shown in Table 3 .
According to criteria suggested by Richman et al. (1980) , high within-day (ICC = 0.85-0.99) and moderate to high between-day (ICC = 0.68-0.93) reliability were observed for normalized RMS activity of all muscles. High within-day and between-day reliability (ICC = 0.94 and 0.80; respectively) was also obtained for normalized time broadness of muscle activities. A trend towards higher ICC values and lower SEM values was observed for within-day reliability in all the test results compared with between-day reliability. The absolute agreement of measurements, which is represented by the mean difference of the measurements, had small values (0.15-1.96) and was generally smaller in within-day compared to between-day reliability.
Figures 2 and 3 are examples that display an agreement between the measurements for RMS and time broadness for both occasions. The limits of agreement were defined as the mean difference of the two measurements ±2 standard deviations. The mean difference should be zero or no significant difference between two means. For example, Figure 2 shows a comparison of RMS between the first and second measurements (within-day) and first and third measurements (between-day). The mean differences were Table 3 . Within-day and between-days reliability analysis of the measurements * WD: Within-day. BD: Between-day 0.29 with 95% CI of -0.05-0.64 and 0.73 with 95% CI of -0.29-1.76 for within-day and between-day measurements, respectively, which indicate a good level of agreement between the two measurements. Figure 3 demonstrates a comparison of time broadness between the first and second measurements (within-day) and first and third measurements (between-day). The mean differences were 0.15 with 95% CI of -0.26-0.56 and 0.39 with 95% CI of -0.25-1.05 for within-day and between-day measurements, respectively, which indicate a good level of agreement between the two measurements [30] .
Discussion
This study examined the reliability of the EMG assessment procedure for ten selected shoulder muscles during the overhead volleyball throw. The results of this study indicated that the test protocol used in this research could reliably measure the RMS and time broadness of EMG activity of shoulder muscles during the overhead volleyball throw.
Although the overhead throw is known and recommended as a valid functional test in volleyball [24] , there is a lack of evidence regarding the reproducibility of EMG recordings during this task so far. Researchers previously investigated the EMG activity of the thrower's shoulder muscles [2, 10, 16, 22, 23] , and also specifically during the spike and overhead serve [14, 15, 17, 18, 26] . In Kelly and colleague's EMG study (2002) of shoulder muscles during the functional football throw in professional players little variation in electromyographic activation between subjects during the phases of throw motion was observed, but they provided no information about the reliability of EMG. However, the pattern of RMS activity in our study is highly consistent with RMS activity of their study, which represented higher activity of the pectoralis major and lower activity of the posterior deltoid in the acceleration phase. It is also noteworthy that the lower trapezius had the lowest activity among other muscles in our study, which was not recorded in the Kelly et al. study. Kiss in 2009 and reported the RMS activity levels and time broadness of shoulder muscle activity in professional javelin throwers during the overhead throw of a tennis ball [14, 15] , and they found dysfunctional neuromuscular control of the rotator cuff muscles in patients with shoulder instability [14] and lower time broadness of muscle activity in healthy shoulders compared to shoulders with instability [14, 15] . Nevertheless, the RMS activity of the muscles did not have quite the same pattern as ours in their study. Regarding the different technique of throwing a tennis ball versus spiking volleyball (more powerful humeral rotation and less powerful flexion and horizontal adduction in throwing a tennis ball), they found higher activity of the posterior deltoid muscle and lower activity of the anterior deltoid muscle. Although retesting over days and relocating EMG electrodes seemed to be sources of error, they observed lower time broadness of muscle activity and higher RMS activity of symptomatic shoulders after therapeutic exercises [14] .
Reliability of measuring normalized RMS activity of shoulder muscles has been investigated in a few studies [1, 21, 29] . However, the measurement methods, selected population (athletes, non-athletes), selected test position (static or dynamic), selected muscle (SS, IS, UT, LT, PM, SA, AD, PD, BB, TB) and statistical approaches have been quite varied across these studies. Andersen and colleagues (2014) demonstrated the between-day reliability of measuring upper trapezius and anterior deltoid RMS activity in static positions (isometric submaximal contractions during flexion 45º/90º, abduction 45º/115º, and internal/external rotation) and obtained acceptable reliability (ICC = 0.82-0.92) and low limits of agreement with near to zero mean difference of the measurements (mean difference = 0.25-0.70). By contrast, in this study, lower ICC values (0.79 and 0.80) and higher mean difference of the between-day measurements (1.67-1.73) were observed for both muscles. In two other studies, the reliability was examined over a dynamic position [21, 29] . Ludewig and Cook (2000) assessed average normalized RMS values and reported moderate to high (ICC = 0.73-0.90) reliability of measuring RMS activity of upper trapezius, lower trapezius and serratus anterior muscles in scaption movement after 2 days, and they concluded that scaption movement with the speed of one repetition per 4 seconds can be reliably measured and used as an outcome measure in the rehabilitation of patients with symptoms of shoulder impingement. They observed higher ICC (0.82-0.90) of EMG activity of lower trapezius compared with upper trapezius (ICC = 0.78-0.88) and serratus anterior (0.73-0.89) muscles. In the current study higher ICC was found in UT (ICC = 0.79) compared to LT (ICC = 0.71) and SA (ICC = 0.70). In comparison to these two studies, the higher demands of a dynamic rapid movement and longer between-day duration (7 days) of the present study could be responsible for the different ICC values.
On the other hand, lower ICC values do not represent lower agreement of the measurements. The absolute agreement which is defined by the SEM, limits of agreement and mean difference of each pair of measurements are more significant factors. As demonstrated in Table 3 , in this study, small SEM values of RMS activity and time broadness measures were obtained both for within-day and between-day measurements. The mean differences and limits of agreement also showed low values, indicating high agreement of the measurements. Among previous studies, only one reliability study was found investigating these agreement factors in shoulder EMG. Seitz and Uhl (2012) investigated the within-day and between-day reliability of RMS activity of anterior deltoid, upper trapezius, lower trapezius and serratus anterior muscles in a slow scaption movement (one repetition per 4 seconds). They found the test-testing procedure to be reliable and obtained higher within-day reliability (ICC = 0.96-0.99; SEM = 1.0-2.0; MDC = 1.3-2.9) compared to between-day reliability (ICC = 0.59-0.86; SEM = 2.3-8.3; MDC = 3.2-11.7), but regarding the results of the between-day measurements (low ICC values and high SEM and MDC values), the reliability is questionable. In their study, despite the movements being performed slowly in a controlled position and far slower than the high risk rapid arm movement in a volleyball spike or serve, the between-day reliability results were lower than those found in the present study, which may be attributed to more precise electrode placement and skin preparation in this study.
Overall, the results of this study suggest that the activity of shoulder muscles can be reliably assessed (over within-day and/or between-day sessions) during the overhead volleyball throw with the described procedure both in amplitude domain (normalized RMS average) and time domain (time broadness of the activities). However, further studies are recommended to support the findings of the present study.
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